Objective: Fatigue is a crucial determinant of quality of life across rheumatic diseases, but the lack of agreed-upon standards for identifying clinically significant fatigue hinders research and clinical management. Case definition criteria for Cancer-Related Fatigue were proposed for inclusion in ICD. The objective was to evaluate whether the Cancer-Related Fatigue case definition performs equivalently in women with breast cancer and systemic sclerosis (SSc) and could be used to identify patients with Chronic-Illness Related Fatigue.
INTRODUCTION
Persistent fatigue from chronic medical disease involves exhaustion disproportionate to exertion, which is not relieved by rest and can have a major impact on health-related quality of life (HRQL) (1, 2) . Clinicians, however, are often unsure how to address fatigue (3, 4, 5) . Almost 90% of rheumatologists never assess fatigue (6) , and most cancer patients do not discuss fatigue with their physicians (7, 8) .
Most studies of fatigue in medical illness use single items or scores above a cut-off threshold on continuous scales to define fatigue. These methods, however, are not benchmarked to any case-definition standard and do not necessarily identify clinically significant fatigue levels that warrant investigation and treatment (9, 10) . Researchers in cancer have developed CancerRelated Fatigue case-definition criteria that have been proposed for inclusion in the International Classification of Diseases (11) . Cancer-Related Fatigue caseness is based on four criteria: (1) the presence of ≥5 of 9 fatigue symptoms with 'significant fatigue, lack of energy, or an increased need to rest' on (nearly) every day in a 2-week period in the last month; (2) impact on daily activities; (3) evidence that symptoms are a consequence of cancer or cancer therapy; and (4) not primarily a consequence of comorbid psychiatric disorders (11) .
Establishing a common fatigue case-definition across diseases would enhance comparability of research results and could help improve clinical management. The CancerRelated Fatigue case-definition, however, has not been tested in any other patient groups. To apply the criteria more broadly to define Chronic Illness-Related Fatigue, criteria items must be measurement equivalent across disease groups, meaning that patients across groups with similar levels of fatigue will respond similarly to items (12) . Differential item functioning (DIF), on the other hand, is said to occur when patients from different disease groups with similar levels of 6 fatigue score differently on items assessing fatigue. DIF between disease groups may occur because of underlying differences in item relevance or in the way specific items are perceived or interpreted (13) . DIF analyses can help inform whether the Cancer-Related Fatigue casedefinition operates consistently across diseases or whether there may be cross-disease measurement differences that reflect elements of fatigue specific to a certain illness, but less relevant to others.
Patients with systemic sclerosis (SSc, or scleroderma) provide an ideal population to test the viability of the Cancer-Related Fatigue case-definition paradigm as a general fatigue casedefinition for potential use in rheumatic diseases. SSc is a chronic, multi-system connective tissue disorder characterized by thickening and fibrosis of the skin, involvement of internal organs, substantially reduced HRQL, and significant morbidity and mortality (14, 15) . Fatigue in SSc is common, influences daily function more than any other symptom, and is independently associated with reduced capacity to carry out daily activities, work disability and impaired physical function (16) (17) (18) (19) (20) (21) .
The objective of this study was to assess the measurement equivalence of the CancerRelated Fatigue case-definition criteria between SSc and breast cancer patients and examine whether this definition can be used to identify patients with SSc with clinically significant fatigue and, potentially more broadly, as a case definition for Chronic Illness-Related Fatigue. 
MATERIALS AND METHODS

Patients and Procedures
Measures
Demographics and disease characteristics. In SSc patients, time since SSc diagnosis, extent of cutaneous involvement, and current use of immunosuppressive medications (methotrexate, cyclophosphamide, azatrophine, and mycophenylate) were recorded by a CSRG rheumatologist. Limited SSc was defined as skin involvement distal to the elbows and knees only, whereas diffuse SSc was defined as skin involvement proximal to the elbows and knees, and/or the trunk (25) . Patients with sine SSc were grouped with limited SSc patients in analyses. 8 Cancer comorbidity was self-reported by patients. In the cancer sample, time post-treatment and disease-related data, including histological stage and treatment history, were collected via medical records.
Fatigue interview. The Cancer-Related Fatigue interview determines whether patients have experienced 2 weeks of significant fatigue in the preceding month (Criterion A1) and the presence of ≥5 of 9 fatigue-related symptoms (Criteria A2-A10). In addition, single items assess whether fatigue has significantly affected work or self care (Criterion B), are a consequence of cancer or cancer therapy (Criterion C), and are primarily a consequence of a co-morbid psychiatric disorder, primarily depression (Criterion D) (10) . In the SSc sample, Criterion C was not explicitly assessed related to SSc or its treatment. In cancer samples, when Criterion C has been explicitly assessed (24) , no patients have been excluded based on non-cancer sources of fatigue, and it seemed unlikely that SSc patients would be excluded on this basis. Although the case definition permit patients with co-existing psychiatric disorders to be classified as cases provided the psychiatric condition is not the primary cause of the fatigue, we excluded all such patients from both samples, as the inclusion of women with co-morbid psychiatric disorders would have made it difficult to interpret the significance of any differences that were identified between the two groups.
Depression interview. In the SSc sample, the Depression Module of the Composite
International Diagnostic Interview (CIDI) (26) was administered by trained interviewers to assess whether patients met criteria for current (30-day) Major Depressive Disorder (MDD) based on Diagnostic and Statistical Manual-IV (DSM-IV) criteria (27) .
In the one of the cancer samples (28) , eligible patients were first screened for psychiatric pathology clinically, and the remaining eligible patients completed the Structured Clinical 9 Interview for the DSM-IV (SCID) (29) . In the other cancer sample (30) , all eligible patients completed the SCID.
Statistical Analyses
Demographic characteristics were compared between samples using the chi-square statistic for categorical variables and t-tests for continuous variables. The factor structure of Cancer-Related Fatigue criteria items was assessed for each sample separately using confirmatory factor analysis (CFA) with Mplus (31). For DIF assessment, the simplest structure with reasonable fit is used. A previous study demonstrated that Cancer-Related Fatigue can be considered unidimensional for measurement applications, such as DIF analysis (32) . Thus, a single-factor CFA model was constructed. Item responses for the case-definition were binary and thus modeled using the weighted least squares estimator with a diagonal weight matrix, robust standard errors, and a mean-and variance-adjusted chi-square statistic with delta parameterization, using full information maximum likelihood for missing data (31) . The chisquare test, the Tucker-Lewis Index (TLI) (33), the Comparative Fit Index (CFI) (34) and the Root Mean Square Error of Approximation (RMSEA) (35) were used to assess model fit. Good fitting models are indicated by a TLI and CFI ≥0.95 and RMSEA ≤0.06 (36) . A CFI of .90 or above and a RMSEA of .08 or less (37) are also considered acceptable model fit. The chi-square test is highly sensitive to sample size and can lead to the rejection of well-fitting models (38) . Therefore, the TLI, CFI and RMSEA were emphasized. Modification indices were used to identify pairs of items for which model fit would improve if errors were freed to covary. Once the factor structure was established for each sample separately, a CFA model was fit to both samples combined.
To determine if case-definition items exhibited DIF for SSc versus cancer, the Multiple-Indicator Multiple-Cause (MIMIC) model was utilized. The base MIMIC model consists of the CFA factor model, with the direct effect of group (SSc versus cancer) on the latent factor added. This serves to control for group differences on fatigue level. The MIMIC model also allows for adjustment for variables that may differ between comparison groups, by adding a direct effect on the latent factors. We controlled for differences in age.
Each item was regressed separately on the grouping variable to assess potential DIF. DIF is represented by a statistically significant (P<0.05) link of group with the item, controlling for differences in the overall level of the latent factor. If there was DIF for one or more items, the item with the largest magnitude of DIF was considered to have DIF, and the association between group and that item was included in the model. This procedure was repeated until no remaining items showed significant DIF. Once all items with significant DIF were identified, the magnitude of DIF items collectively was evaluated by comparing the difference on the latent factor between groups in the baseline model and after controlling for DIF. The magnitude of this difference was interpreted following Cohen's effect sizes, with <=0.20 SD indicating small, 0.50 SD = moderate and 0.80 SD = large differences (39) . Hommels' correction for multiple testing was applied (40) .
A logistic regression procedure was utilized to assess whether Criterion B exhibited significant DIF (13) . Thus, we assessed whether the Criterion B response (yes/no) was associated with group membership (SSc versus cancer) after controlling for differences in the level of fatigue (symptoms A2-A10). In step 1, the total scale score for each patient was entered in the equation, following by the grouping variable to assess uniform DIF (step 2). Significant DIF was defined as the presence of a significant difference (1-df chi-square test; P<0.05) for the difference in chi-squared for the logistic regression between step 1 and step 2; and an effect size of at least 0.13, defined as the difference in Nagelkerke's R-squared between steps 1 and 2 (13). 11 An exploratory analysis was conducted to assess the impact of eliminating items with DIF on the prevalence of fatigue caseness in the SSc and cancer samples. The congruency of results using these alternative criteria and the original criteria was assessed.
CFA and MIMIC analyses were conducted using Mplus 7 (31) and all other analyses were conducted using IBM SPSS Statistics 20 (Chicago, IL).
RESULTS
Sample characteristics
Demographic and disease characteristics are displayed in Table 1 . Table 2 .
Cancer sample. No women were excluded based on criterion C. Thus, the cancer sample consisted of 278 female patients without psychiatric disorder with a mean age of 57.9 years (SD=11.4) and a mean time post-treatment of 11.1 months (SD=6.6). Of these patients, 188
(67.6%) had a negative lymph node status, and 90 (32.4%) were positive. The majority (n=155, 56.5%) underwent mastectomy, 123 (43.5%) received conserving surgery, and 145 (52.5%) 12 received chemotherapy. Of the 278 women, 105 (37.8%) met criteria for Cancer-Related Fatigue.
The number of women who endorsed Criterion A and B items are displayed in Table 2 .
Confirmatory factor analysis
A single-factor structure showed good fit in both samples (SSc: Χ 2 (27)=38.8, P=0.07, CFI=0.94, TLI=0.92, RMSEA=0.06; cancer: Χ 2 (27)=28.1, P=0.41, CFI=1.00, TLI=1.00, RMSEA=0.02). Inspection of modification indices indicated that freeing error terms to covary would not improve model fit substantially.
Differential Item Functioning
Symptoms (A2-A10).
The single-factor model was fit to the combined SSc and cancer samples, including a direct effect of group on the latent fatigue factor, as well as a direct effect of age on the latent fatigue factor, and fit well (Χ 2 (43)=74.5, P=0.002, CFI=0.94, TLI=0.92, RMSEA=0.05). Prior to accounting for possible DIF, SSc patients had 0.05 SD higher latent factor scores (more fatigue) than cancer patients, although this difference was not statistically significant (95% confidence interval (CI) -0.23 to 0.33, P=0.71). As shown in Table 3 , there were two items with statistically significant DIF. Item 10 (short-term memory; z=3.18, P=0.002) and item 3 (trouble concentrating; z=3.45, P<0.001) were significantly less often endorsed by women with SSc compared to women with cancer with similar latent fatigue factor levels.
As shown in Table 3 , after correcting for DIF for items 3 and 10, compared with the base model, there was an increase of 0.22 SD on the latent fatigue factor in the difference between SSc and cancer. Thus, after correcting for DIF, women with SSc scored 0.27 SD higher on the latent fatigue factor (95% CI -0.03 to 0.57, P=0.08), a small to moderately higher level than women with breast cancer, although statistically non-significant. 13 As a sensitivity analysis, we ran the MIMIC model with only the 7 items that had no statistically significant DIF, which yielded virtually the same results as the 9-item model corrected for the 2 DIF items, with a factor loading for group on the latent factor of 0.27 (95% CI -0.03 to 0.56, P=0.08).
Criterion B. In Step 1 of the logistic regression analysis (total score of symptoms A2 to A10), Nagelkerke's R 2 was 0.217. In Step 2, when the group variable was added to the model, Nagelkerke's R 2 increased to 0.229 (R 2 =0.012) which was not significant (Χ 2 (1)=1.78, P=0.18), suggesting that there was not DIF for Criterion B for SSc versus cancer patients.
Case definition with and without DIF items
As shown in Table 4 , 97.5% of the cancer sample was categorized consistently as a case or non-case when comparing the diagnosis based on the standard 5 of 9 symptom criterion and the revised 4 of 7 criterion, which excluded the 2 DIF items (Cohen's Kappa=0.95). The prevalence of cases of fatigue was similar in the SSc (35.1% versus 36.1%) and cancer samples (37.9% versus 37.4%) using the two different criteria (Table 5 ).
DISCUSSION
The main finding was that items 3 (concentrating) and 10 (short-term memory) of the Cancer-Related Fatigue case-definition were significantly more frequently endorsed by breast cancer patients than women with SSc with similar levels of fatigue. If these two items, which appear to be metrically inequivalent across diseases, are omitted from the case-definition, and the case-definition is changed to Criterion A1 plus at least 4 out of the 7 remaining symptoms, the overall prevalence of Cancer-Related Fatigue in the cancer sample (37.4%) was similar to the 14 estimate when 5 of 9 symptoms were required (37.8%). Furthermore, the status of individual patients changed for only 7 of 278 women (2.5%).
Both items 3 and 10 are related to cognitive symptoms. A recent study reported that cognitive fatigue was present in 29% of cancer patients, and less common than physical fatigue (57%) and emotional fatigue (37%) (41) . Cognitive fatigue could be related to cancer treatment, in particular chemotherapy, monoclonal antibody therapy and radiotherapy (42) . A previous study in women successfully treated for breast cancer found that women meeting criteria for cancer-related fatigue performed worse on measures of verbal memory, sustained attention and reaction time compared to women not meeting criteria (31) . Several centrally acting cytokines may contribute to this, specifically vascular endothelial growth factor and brain derived neurotrophic factor, both of which were elevated in the group with cancer-related fatigue compared to non-cases (31) . These cytokines can disrupt the permeability of the blood brain barrier and provide a plausible biological mechanism for the central fatigue effects in cancer from an indirect tumor effect or secondary to treatment (43) .
Authors of a recent systematic review of the Cancer-Related Fatigue criteria reported that it is unclear if the current requirement of a minimum of 5 out of 9 symptoms versus using a casedefinition based on fewer symptoms discriminates better between persons with and without cancer-related fatigue, and recommended investigating further refinement of the criteria (44) .
Based on our findings, items 3 and 10 do not add substantially to identifying cases among breast cancer patients. Because these items appear to be more related to cancer-related fatigue specifically, eliminating these items from the interview would facilitate the use of these criteria more broadly to assess Chronic Illness-Related Fatigue in other diseases, including rheumatic diseases. 15 A unifying case definition of fatigue that can be applied broadly in medical populations would improve the comparability of results between diseases, which would facilitate research on etiology and interventions to reduce fatigue, as well as communication about fatigue among health professionals and patients. Recent Cochrane systematic reviews in cancer (45, 46) and rheumatoid arthritis (47) , for instance, have identified that physical exercise and psychosocial interventions are promising approaches to addressing fatigue in these diseases. These types of programs can be quite resource and time-intensive, and should preferably be targeted to patients who may benefit most. Including patients with clinically significant fatigue, using the proposed case-definition, could increase the potential for improvement. Furthermore, coordinated efforts across investigations and diseases, including comparison and pooling of data, will strengthen the understanding and management of Chronic Illness-Related Fatigue.
As far as we know, no other studies have assessed the measurement equivalence of fatigue measures across medical diseases, which is surprising given that common measures have been routinely used across illnesses, including rheumatic diseases (48) . Other measures of fatigue, in particular questionnaires that were initially designed for cancer-related fatigue and that include potentially cognitive fatigue items, may similarly have items that are less applicable and may distort results when being used more broadly in patients with other chronic diseases because similar scores obtained across these diseases may not reflect similar levels of fatigue.
There are limitations that should be considered in interpreting the results of this study.
First, both samples constituted convenience samples, and only women were included in the present study. Thus, our sample may not reflect the full spectrum of the SSc and breast cancer populations. Second, the SSc and cancer samples were derived from two different countries, which may have led to difference in socio-cultural factors that could have influenced our results. 16 Third, in the SSc sample, a phone interview was conducted to assess fatigue criteria, whereas a face-to-face interview was conducted in cancer. There are many examples of studies that have demonstrated the equivalency between structured diagnostic interviews conducted per telephone versus face-to-face interviews, for example in depression (49, 50) , but this has not been established for the diagnostic fatigue interview. Fourth, although we excluded patients with depression, we did not exclude SSc patients with other psychiatric disorders that could have influenced fatigue, such as anxiety. Fifth, the case definition items were developed by experts, however, it is possible that there are other items that may better reflect fatigue in chronic illness.
In addition, although there are clear commonalities between fatigue in cancer and other (rheumatic) conditions, there may also be components of fatigue that are disease-specific and that may not be captured by these generic fatigue criteria. As yet, very little is known about the fatigue experience of patients with SSc, however, that would guide refinement of criteria for SSc. 
